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ABSTRACT 
Airborne particulate pollutant is considered to be one of the major harmful emissions 
produced by vehicle engines as it has been directly linked to serious health problems. 
Passengers spend long times at bus stations and may be exposed to high concentrations of 
pollution. Particle pollution at two bus stations in Brisbane, Australia were monitored. The 
two bus stations consisted of markedly different site geography and surroundings with one 
situated in a street canyon and the other elevated above ground level. The same flow of traffic 
operated through both stations. Real time measurements of ultrafine particle concentration, 
size distribution and meteorological conditions were carried out on the platform continuously 
over several days. The results showed that the particle number concentrations were 
significantly different at the two stations, suggesting that the layout of site geometry and 
surroundings was a dominant determining factor through the injection of fresh air into the 
station platforms and the rates of dilution. 
 
 
INTRODUCTION 
Bus fleets represent a significant part of inner city traffic. This may cause increased pollutant 
exposures due to exhaust emissions (Jayaratne et al., 2008). Compared with other outdoor 
environments, residents spend long time at bus station and may be exposed to high 
concentration of pollution. Understanding bus emissions and dispersion in the bus station are 
critical for controlling passenger exposure issues. One of the main aims of research in this 
area is focused on the reduction of emission from buses. Although modern engine 
technologies helped significantly reducing particle mass emission, the nulei mode particles 
increased dramatically. More than 90% of the particle number in the vehicle exhaust is in the 
nanoparticle size range (<50µm), which mainly form through binary homogenerous 
nucleation (Kittelson et al., 1999).  
 
The effect of air particle pollution on mortality and morbidity has been well documented. 
There is a large body of evidence to show that ultrafine particles (<100nm), have a more 
adverse influence on human health and environment than fine and coarse particles (Burtscher, 
2005; Donaldson et al., 1998; Pope et al., 2002). Therefore, it is very important to investigate 
means by which we may reduce our exposure to these harmful particles. In this respect, 
proper and suitable ventilation is of paramount importance. Some work has been conducted 
on the public transport interchanges which are located at indoor and equipped with 
mechanical ventilation system (Chow et al., 2006; Lin et al., 2006; Yan et al., 2003; Yeu et al., 
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2002). Proper design of bus stations and site geography is important to provide sufficient 
natural ventilation on the platforms. However, less work has been concerned about the 
pollution caused by buses in bus station. In order to address this gap, two bus stations in 
Brisbane, Australia were studied in this research as the prerequisite research work to 
investigate the significance of plan layout and site geography by analyzing and comparing the 
particle number concentration levels and spatio-temporal variations at the two bus stations. 
Here we analyzed data collected at the Mater Hill bus station which is situated in a street 
canyon and the South Bank bus station which is an elevated platform.  
 
 
METHODS  
Bus station 
The measurement monitoring was conducted at the South Bank bus station and Mater Hill bus 
station. The two bus stations are located along the South-East Busway, which is the first of a 
series of busway networks to be developed in South-East Queensland. The South Bank bus 
station is located on a raised podium in an open area between Grey and Colchester streets. A 
building with the same length as the bus station stands 5m higher than the roof and 10 meters 
to the inbound platform. Behind the outbound platform, there is a residential building 21.5m 
higher than the roof and 20 meters to the outbound platform. The Mater Hill bus station is 
located at Mater Hill Medical Centre between Stanley and Vulture streets, which situates in a 
street canyon a few meters below ground level. The surrounding buildings at the back of each 
platform are about 26m higher than the roof of the platforms. Both bus stations contain glass 
walls and fully covered outbound platform (from city) and inbound platform (to city). The 
glass walls contain narrow openings for ventilation. The platforms are approximately 60m 
long, 22m wide and 3.5 high. The station’s design provides limited natural ventilation, 
potentially leading to increased exposure to waiting passengers.  
 
Bus fleet characteristics 
Bus flow rate data were obtained from video footage provided by the Busway Management 
Unit. Most buses stopped at the two bus stations. There were no exits in the busway between 
the two stations, so the same traffic flow operated through the two stations. At the time of this 
investigation, the Brisbane City Council fleet of passenger buses consisted of approximately 
750 buses of which roughly 500 operated on 50ppm sulphur diesel and 250 on compressed 
natural gas (CNG). Of these numbers, approximately, 190 diesel and 120 CNG buses operated 
through the two bus stations each day, with each bus making roughly 4-6 trips in each 
direction. Approximately 90 buses passed the station in each direction every hour during the 
peak hours, dropping to about 60 per hour at other times of the day. In addition approximately 
8-12 privately operated diesel buses passed through the two stations each hour. The exhaust 
tail-pipes on these private buses were located above roof level, while in all council buses they 
were placed just above street level at the rear of each bus. 
 
Instrumentation and measured parameters 
The monitoring instrumentation was housed in an air-conditioned Mobile Monitoring Unit 
stationed in the middle of inbound platforms. The air to be sampled was drawn through a 3m 
long conductive plastic tubing of inner diameter of 6mm. Two scanning mobility particle 
sizers (SMPS) consisting of Electrostatic Classifiers ( EC TSI model 3934) and condensation 
particle counters (CPC TSI models 3010) were used for the measurements of particle number 
size distribution and concentration in the 15-700nm size range. The SMPS operated in a 
continuous mode with a time resolution of 5 min per scan.  
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Study design 
Two rounds of measurements were conducted on the following dates: 14-29 April 2005 at 
Mater Hill bus station and 24 June - 5 July 2005 at South Bank bus station. Sampling at both 
Mater Hill and South Bank bus stations was conducted identically. The sampled air was 
drawn into the SMPS at a flow rate of 0.3 L min-1. The effect of particle losses was assessed 
in the laboratory and was found to be negligible. Meteorological data (wind speed, wind 
direction, temperature and pressure) were recorded at 30s intervals using an automatic 
weather station placed on the platform. 
 
 
RESULTS AND DISCUSSION 
The total number of buses over a 24 hour period did not vary significantly between the 
working days (Fig.1). However, on the weekends it varied significantly, especially when 
sporting events were held. The bus flow rates showed daily variation at Mater Hill and South 
Bank bus stations during the working days and on weekends (Fig.2), with the highest values 
being morning rush hours during the working days. However, over the weekends the highest 
values were in the day-time (9:30-16:00) at Mater Hill bus station and in the afternoon rush 
hour at South Bank bus station, which were affected by sporting events. 
 
 
                                    a)                                                                        b) 
Fig.1 Total daily number of buses that passed the Mater Hill and South Bank bus station 
during the field measurement period (14 -29 April 200, 13 – 29 April 2005, 25 April 2005 
was public holiday)  
 
  
                                   a)                                                                        b) 
Fig.2 Average working day and weekend bus flow rates (bus number per half hour) for each 
time period at South Bank and Mater Hill bus station during the field measurement period (24 
June – 5 July 2005, 13 – 29 April 2005).  
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Fig.3 shows the ambient PN0.007-3 daily variations which comparing well to the trend of daily 
bus flow rates presented in Fig.2. The Figure indicates that generally the daily PN0.007-3 
concentration level on working days was higher than weekend by a factor of 1-2.  
 
Fig.3 Average working days and weekend PN0.007-3 concentration at Mater Hill and South 
Bank Bus Stations 
 
The average PN0.007-3 concentration was 6.3X104 and 6.0X104 Particle/cm3 for Mater Hill and 
South Bank bus stations on working days, respectively. The corresponding values on weekend 
were 4.6X104 and 5.1X104 P/cm3. The highest concentration occurred during morning rush 
hour (6:30-9:30) on working days and daytime (9:30-17:00) on weekend. The statistical 
analysis of the bus flow data and the PN0.007-3 data showed the correlation coefficients 
between bus flow rate and PN0.007-3 of the Mater Hill and South Bank bus stations were 0.99 
and 0.92.  
 
Fig.4 Diurnal variation of ambient PN0.015-0.7 concentration and CMD measured at Mater Hill 
bus station. 
 
Fig.5 Diurnal variation of ambient PN0.015-0.7 concentration and CMD measured at South Bank 
bus station. 
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Fig.4 and Fig.5 presented the CMD of the particles monitored during whole measurement 
periods at two bus stations. Analysis of the particle size distributions measured at the two 
stations yielded the important findings that the CMD at Mater Hill was in the range of 50-
100nm while that at South Bank was 20-70nm, which is because that CMD of ambient 
background is small due to different particle sources, the ambient particles can easily enter 
into South Bank bus station as it located in an open area. PM2.5 concentration was measured 
continuously at Mater Hill bus station, South Bank bus station. The comparison of average 
concentration levels for different periods of time at two bus stations, based on the DustTrak 
data are shown as Fig. 6 and Fig. 7 for working days and weekends. 
 
Fig. 6 Average working day PM2.5 concentration at Mater Hill (April 2005) and South Bank 
(June-July 2005) bus stations 
 
Fig. 7 Average weekend day PM2.5 concentration at Mater Hill (April 2005) and South Bank 
(June-July 2005) bus stations 
During the working days, the average PM2.5 concentrations of morning rush hour (6:30-9:30) 
and day time (9:30-16:00) at Mater Hill bus station were higher than at South Bank bus 
station. However, during the rest time, the PM2.5 concentrations at Mater Hill bus station were 
lower than that at South Bank bus station. On the weekend, the average PM2.5 concentrations 
during morning rush hour and night time at rush hour were lower than at South Bank bus 
station. However during the day time, the average PM2.5 concentration at South Bank bus 
station was lower that at Mater Hill bus station.  
CONCLUSION 
In summary, the presented work indicated that the performance of proper layout of site 
geometry and surroundings provides fresh air injecting into bus stations and helps the dilution 
process of particulate pollutants. Two bus stations with similar structure but different 
surroundings and site geometry showed different particle number concentration and CMD 
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under the condition of same traffic flow and wind speed. The one with better ventilation 
showed 20% less particle number concentration. 
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